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PREFACE

This investigation was conducted during the period July 1976 =~
October 1976 by personnel of the Scil Dynamics Division (SDD) of the
Soils and Pavements Laboratory (S&PL), U. S. Army Engineer Waterways
Experiment Station {WES). The work was sponsored by the Defense Nuclear
Agency (DNA) under Subtask SB211, Work Unit 11, "Field Firing Material
Testing."

The investigation was planned and conducted by Mr. D, XK. Butler,
SvY., Technical consultation and guldance were prrovided by Dr. P. F.
Hadala, SDD, Mr. J. R. Curro of the Earthquake Engineering and Vibra-
tions Livision, WES, conducted the field gecphysical survey. The work
was performed under the general supervision of Dr. J. G, Jackson, Jr.,
Chief, SDU, and Mr, J, P. Sale, Chief, S&PL.

COL G. M. Hilt, CF, and COL J. L. Cannon, CE, were Directors of
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CHAPTER 1

INTRODUCTION

1.1 BACKGRGUND

The full-scaie penetration tests being conducted as part of the
Defense Nuclear Agency's (DNA) farth Penetration Weapon {EFW) Research
Program are concerned with assessing the survivability of candidate
EPW's following impact and the penetrability of hard targets. Three
rozk types were initially selected for the targets: weldec¢ tuff, sand-
stone, and shale, These types of rock were selected since presumably
they would cover a wide range of strength {"hardness" or resistance to
penetration) and could qualitatively be described as being medium-, low-,
and very-low-strength targets, respectively.

The first test site selected was a welded tuff site, located near
Mount Helen on the Tonopah Test Range (ITR), Nevada. RKReference 1 pre-
sents the results of field investigations and laboratory constitutive
property tests on rock from the site. With an average unconfined com-
pressive strength of Q.64 kbar {9300 psi) for the first 3 metres depth,
the welded tuff meets thc qualitative criterion for a medium-strength
rock target. Five penetration tests were conducted at the TIR site
during the period of July 1975 to April 1976 by Sandia Laboratories,
Albuquerque (SLA).2

The second site, & sandstone site, is located near San Ysidro,

New Mexico. The Dakota sandstone target material at this site has an
average unconfined compressive strength of 0.23 kbar (3300 psi) for the
first 3 metres depth, meeting the qualitative criterion for a low-strength
rock. Results of field and laboratory investigations for this site are
presented in Reference 3. Two penetration tests were conducted at the
site in July 1976 by SLA. Large blocks of sandstone from this site have
been used in DRA-sponsored reverse ballistic tests conducted by Avco
Corporation in August 1976.

A shale site (for the very-low-strength target) which was accessible

by the heavy equipment required for field penetration tests, met the test
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safety requirements, and was witnin reasonable distance of SLA's base

of operations could noi be located. OSubsequently, a siltstone site

was located near Los Lunas, New Mexico, which was considered satisfactory
for use for field penetration tests.h It was hoped that this might re-
place the shale site. Results of laboratory testing presented in this
report reveal, however, that the average unconfined compressive stirength
of the first 3 metres depth of this site is 0.46 kbar (6700 psi); and,
at greater depths, the strength of the massive siltstone exceeds the
strength of the TTR welded tuff. Hence, penetration tests at the Los
Lunas siltstone site would not fulfill the original field test program
cblectives and it was decided by DNA, on the basis of the test data

reported herein, to delete the third site from the program.

1.2 PURPOSE

The purposes of this report are to present for the record (1) the
results of a field investigation at the proposed penetration test site
near Los Lunas, New Mexico, and (2) the results of laborstory tests on
rock core from the site. The field drilling and sampling program and
geophysical survey are discussed in Chapter 2. Results of laboratoery
composition tests and mechanical property tests are presented in
Chapter 3; and, finally, a summary of the test results and a description

of the events leading to the decision not to use this site for full-scale

penetration tests are presented in Chapter L,




CHAPTER 2

SITE INVESTIGATIONS ANL RESULTS

2.1 SITE DESCRIPTION

The proposed penetration site is located about 70 kilometres south-
west of Albuguerque, wew Mexico, and about 35 kilometres west of Los
lunas, New Mexieco. Figure 2.1 presents regional and local site location
maps. The site is at 1800 metres elevation near the base of a large
nmesa, and is nct easily accessiple. “here are nc close habitsations, but
consideravie airplane traffic can be heard.

Surface rock at the site chosen for drilling is a fine- to medium-
grained red sandstone member of the Yeso Formation of Permian age. The
sandstone wverlies the siltstone which is exposed at one of the three
nearby but less accessible sites originally selected. Beds dip 5 to
15 Jdegrees to tne north, which is alsc the surface slope, There are
w2 rocx terraces at the site with an elevation difference of 3 to
4 metres, The upper terrace is about 12 metres by 50 metres in size,
and the lower terrace has about 15 metres by 100 metres of completely
exposed and accessible rock surface. Due to its larger size and the
apsence of fractures in the central portion, the lower terrace was
acemed the better for a penetration test location and was chosen for
tne drilling program,

Figure 2.2 is the site boring layout and shows the locations of
tne only ooservable vertical fractures in the region of interest on
the lover terrace. The two open fractures are fil'ed with sand. Hori-
zontal fractures are observable in the sandstone on exposed vertical
faces, with a nominal S5-centimetre spacing. HNear boreholes NX-1 and
WX~3 the rock "sounds nollow"™ when struck. This is apparently due to
near-surface weathering along what may be release fractures or bedding
planes. In any event, the weathered zone which is generally friable
appears to extend only tu a depth of about 50 centimetres. Below this

depth the material exposed on vertical faces is hard and massive. Also




visible on these faces, as well as on portions of the surface, are
small, irregular regions of light tan to white sandstone. The differ-
ence between the red and light tan sandstone is apparently the absence

cf iron oxide in the light tan aresas.
2.2 Fllw DRILLING AND SAMPLING PROGRAM

The ficld drilling and sampling program was designed to obtain
samples of rock from the site to support laboratory testing programs.*
1wo Y-metre-deep (NX-1 and NX-2) anud one G-metre-deep (NK-3) NX-
diameter (7.k-centimetre-diameter) holes were drilled using air and
diamond core bits during July 1976. The core samples were logged, RQD
was determined, and samples were waxed to preserve water content. Also,
a 12.7-centimetre-diameter hole (U-1) was drilled 4.5 metres deep using
a modified Dennison samvler. This device retains the cores in steel
“1bes which are then sealed by O-ring packers at the ends. The site
bering laycut is shown in Figure 2.2.

Logs and pertinent comments for the three NX holes are presented
in Figure 2.3. The sedium~grained red sandstone is encountered to
depths of 3 to 4 metres in all three holes, where a transition to a
red, hard, dense siltstone occurs, Except for the upper metre of
the holes, the rock quality is very high (i.e., few fractures,

RQD = 100 percent).

2.3 GEOPHYSICAL SURVEY

The geophysical survey at the site vas designed to determine the
in situ compression- and shear-wave (P~ and S-wave) velocities and
depths to seismic interfaces from the surface to a depth of at least

9 metres. Included in the survey, which was ccnducted in July 1976,

* In addition to this program, which evaluated the suitability cf the
site, sufficient samples were taken to support extensive high-pressure
static and dynamic constitutive property tests which would have been
conducted if the site had proved acceptable.




vere surface seismic refraction traverses, a surface S-wave test,
downhole P- and S-wave tests, and crosshole P~ and S-wave tests, A
detailed description of these tests (equipment and test procedures)
is given in Reference 3. Figure 2.4 is a pian view of the site snow-
ing the geophysical test locatlons.

Two reverse-traverse, surface seismic refraction tests were con-
ducted. As shown in Figure 2.4, the hammer impulse location for
traverse 5~1 was beside borehole NX-1 and tue direction cof 3-1 was
the same as the direction from borehole HX~1 to borehole HA-Z2.

Traverses S5-3 and S-4 were located on the upper terrace. Results of
the surface refraction tests are given in Figures 2.5-2.8. The
results of both sets of traverses show two P-wave velocity layers.
Note that the depth to the interface (see Figure 2.8) under the upper
terrace corresponds to the elevation difference between the upper and
lower te:race and that the second-layer velocity for the upper terrace
corresponds o tne first-layer velocity for ihe lover terrace. The
surface S~-wave test arrival time versus distance plot is presented in
Figure 2.9, The test location is shown in Figure 2.4,

Average and iancremental P- and S-wave velocities from the downhole
tests in boreholes Ni~2 and HX-3 are presented in Figures 2.10 and 2.11,
respectively. Finally, the results of the crosshole P- and S-wave tests
are shown in Figures Z.12-2.15. Aiso, Figures 2.12-2.15 illustrate the
P~ and S-wave velocity profiles interpreted from the surface data and the
downhole and crosshole data. HNote that the interpreted velocity inter-

face agrees quite well with the interface between the medium-grained

red sandstone and the red siltstone {see Figure 2.3).
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CHAPTER 3

LABORATORY TuST PRUCRAM AND RESULTS
3.1  CLASSIFICATION AND COMPOSLTION TESTS

Standard iaboratory classification and eomposition tests were per-
formed on selected specimens of the core sampies (a5 receiven in the
invoratory) to determine wet density, water content, dry aensity, and
speciflic gravity of solids. Resulits of these tests are plotted in
Figures 3.1 and 3.2 as a function of depth. Figure 3.3 snows the cal-
calated volume of voids and the valeulsted volume of alr for selected

aepihs,

3.2 ULTRASONIC WAVE VELOCITY AND UNCONFLINED COMPREDSIVE STRENGTH
OETERMINAT LON : : : )
Selecter gpecimens of core from the three NX boreholes were cut to
L0, T-centimetre lengths and the cut ends finished with a precision sur-
face grinder, ‘The compression and shear wave velscities were then de-
termined in the axial direction, and the results are plotted as a function
of depth in Figure 3.4. The ultrasonic velpgities exceed the Be and
S=wave veloclties interpreted in Figures 2.13-2.15. This trend has been
noted in other compariszons of field and laboratory wave veloclity data.l’j
After completion of the wltrasonic veloclty tests, the specimens
were tested in uniaxial compression to determine their unconfined conm-
pressive strengths. ‘he results of these latter tests are also plotted
in Figure 3.4, where it should be noted that for two of the specimens

Lne strength value is in excess of 1l..L kbar vwhile the minimum strengths

~$? exceedea 0.3 kbar. The figure shows & significant increase in strength
4t the 3-metre Jepth.

- 3.3 PETROGRAPHY

As indicsted in Figure 2.3, the primsry rock types at the site are
mediumegrain, red sandstone in the upper 4 metres and dense, red siltstone

below 4 metres. The excepticns to thiu were the irregular-shaped pockets




of light tan to white sandstone and siltstone scattered throughout the
core and a thin seam of weathered shale at B metres depth. In order to
hetter categorize the rock at the site, % limited petrographic exami=-
nation was conducted on the rock found near the surface at the site,
i.e., the sandstone member.

The petrographic examination of a disaggregated sample of surface
rock from the site revealed an approximate composition of 68 percent
quartz, 29 percent undifferentiated feldspar, and 3 percert unknowns.
There were no detectable rock fragments in the sample. The guartz
grains were generally ccated with iron oxide. K-feldspar was the mcst
common feldspar, with most of the grains being weatl =red. Cements
present in nondisaggregated samples were calcite, particularly in light
culored areas, and iror oxide, Some cementitious effects, however, may
be imparted by the silty.--clay matrix (fines). An examination of the
grain-size distribution reveals a mean grain size of 0.13 millimetre
with a standard deviation of 0.59 millimetre (moderately sorted) and
16 percent fines. Individual grains do not possess particularly high
sphericity (subrounded to subangular). The compositional and textural
classification of the rock would be an immature, red, fine-grained

arkose,

3.4 OTHER MECHANICAL PRCPERTY 1ESTH

J.4.1  Tegt Program. In addition to the ultrasonic wave velocity

measurements and unconfined compression tests discussed in BSection 3.2,
a few other mechanical property tests were conducted on specimens from
the upper 3 metre: of borings NX-«l and NX-3., The program consisted of
static und dynamic® isotropic {hydrostatic) compression {IC) tests and

* For purposeg of this stﬁdy, static tests are defined as those
with strain ratea of 10-/gec or a stress rate of approximately

1 kber/min. Dyusmic tects are defined ag tests in which the
stress rate is approximately G.3 kber/msec and in which inertial
stresses ore negligible,




triaxial compression (TX) tests, Table 3.1 outlines the test program.
Specimen preparation and handling techniques and details of the WED

dynamic high~pressure triaxial test device {which was used for all of
the IC and TX tests) can be found in previous WES publications.3’5’6

3,4.2 Isotropic Compression Test Resuits. Data plates for cone

static and two dynamic isotropic compression tests are presented in
Figures 3.%5=~3.7. Another source of isotropic compression data is from
the confining pressure application phase {hydro-phase) of TX tests;
these data are plotted in Figure 3.8 together with static and dynamic
1T test results,., The curves appear Lo group according -to borehole,
with specimens from NX-1 being more compressible than those from NX-3.
The IC tast resuits presented in Figures 3.5 and 3.6 were obtained on
the same specimen: static IC followed by dynamic IC, These results
are replotted in Figure 3.9 as if part of a single, cycled IC test. The
curves are essentially parallel above 0.1 kbar indicating that rate
ei'fects on the bulk modulus are negligible in the range investigated.

3.4.3 Triaxial Compression Test Results. Data plates for static

triaxial compression tests are presented in Figures 3.10-3.13.
Figures 3.14=3.17 are data plates for the dynamic triaxial compression
tests.* Note in Pigure 3,17 that test DIX/NX3/5.6(B) was conducted,
at a lower confining pressure, on the same specimen as test DTX/NX3/5.0(A)
{Figure 3.16).

3.4.4 Hollow Cylinder Test Results. Four tests were conducted on

G.2-centimetre-long NX specimens with 0.62-centimetre-diameter holes along
the axis. The internal pressure required to rupture the hollow cylinder is
determined and the results used to compute the tensile strength. The aver-

.. : age tensile strength determined from the four tests is o, = -0.038 kbar,

+

* ol and €y are stress and strain in the axial direction.

o3 and eg are stress and strain in the redial direction.
Y3iT =2 g -0 for the TX test, where J! is the second invariant

2 1 3 2
ol the deviatoric stress tensor.

25
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3.5 FAILURE DATA

The meximum principal stress difference (al - 03) and corresponding
G, + 20
mean normal stress (—£~§——ﬂi) data from eacn TX test and the tensile

strength can be used to define a failure envelope for the material,
Ficure 3,18 presents the failure data points and a "best fit" curve to

all the points (solid line). A "best fit" curve to the ‘hree dynamic

failure points (dashed curve) lies slightly above the other curve.
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Figure 3.8. Pressure-volumetric strain response.
IC tests and hydro-phase of TX tests.
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) Figure 3.9. Comparison of static and dynamic response
| of a single rock specimen.
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CHAPTER &

SUMMARY

Results of a field investigation at 8 proposed DNA full-scale rock
penetration site near Los Lunas, New Mexico, and of classification, com—
position, and mechanical property tests on rock from the site are
presented. Mechanical property tests were conducted on materiel from
the upper 3 metres of the site, where the rock is a fine- to medium-
grain, red, arkosic sandsione member of the Yeso Formation.

As a result of the strength data from the laboratory test program,
it became apparent that the overall program objectives of extending the
target strength range to a very-low-strength target (< 0.1 kbar) would
not be achieved with the Los Lunas site. Figure k.1 compares the un-
confined compressive strength versus depth profile of the Los Lunas
site with those of the San Ysidro and TTR sites. Since {1) the near-
surface strength is intermediate between the strengths at sites already
used for full-scale penetration tests, and since (2) a layer interface
exists at the site within the depth regions which would be exercised in
a penetraticn test (3 to 5 metres), this site is not acceptable for its
originally intended purpose. Consequently, it was recommended to DRA
and SLA that the remaining full-scale penetration test not be con-
ducted at the Los Lunas site.? It was felt that more useful data would
be generated by conducting additional tests at a higher impact velocity
and possibly a test with higher obliquity (=20 degrees) at the Sen Ysidro
site.

Lé

|
|
el




Unconfined Compressive Strength
kbar

o 08 Lunas

Depth, m

: - % -
Figure 4.1. Comparison of unconfined compressive strength profiles

of the San Ysidro and TTR penetration sites with the
Los Lunas site.
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